Vibrio vulnificus (lactose-positive vibrio) produced collagenase when grown in 2% synthetic sea salts supplemented with hydrolyzed casein. The addition of collagen or peptone to the medium increased the level of collagenase production. Collagenase activity was inhibited by EDTA but not by fetal calf serum.
Vibrio vulnificus (lactose-positive vibrio, Beneckea vulnifica) is a unique pathogenic vibrio which has recently aroused some interest (2) . Two clinical forms of disease produced by the organism are recognized: a fulminating septicemia and a wound infection which results in a rapidly progressive cellulitis (2) . In vitro, the organism produces an extracellular gelatinase (1; M. M. Carruthers and W. J. Kabat, Abstr. Annu. Meet. Am. Soc. Microbiol. 1981, B59, p. 24), but to our knowledge no one has demonstrated true collagenolytic activity.
Clinical characteristics of V. vulnificus infections (3) suggest that the organism is capable of invading healthy tissue, which to us raises the possibility that the organism produces collagenolytic enzymes. We report here our in vitro demonstration of collagenase production by V. vulnificus ATCC 27562.
V. vulnificus was grown in 50-ml lots of a variety of complex media based on hydrolyzed casein in 2% seawater (see Table 1 ). The organism was grown in 250-ml shake flasks on a New Brunswick rotary shaker (model V) at 23°C. After 24 h of growth in the different media, cells were removed by centrifugation and the culture supernatants were then brought to 70% of saturation by the addition of ammonium sulfate (Chemzymes, Inc.). Precipitation was allowed to proceed for 1 h at 4°C. Precipitated proteins were collected by centrifugation at 16,000 x g for 20 min and dissolved in 5 ml of cold 0.02 M Tris-hydrochloride (pH 8.5) buffer containing 0.001 M CaCl2. These crude protein solutions were immediately tested for collagenolytic activity, using the Wunsch pentapeptide, phenylazobenzyloxycarbonyl-L-prolyl-L-leucyl-glycyl-Lprolyl-D-arginine as the substrate (11) . Collagenolytic activity was found in all of the culture fluids tested (Table 1) .
Culture precipitates which showed collagenolytic activity by the above assay were redissolved, dialyzed overnight at 4°C against 0.02 M Tris-hydrochloride buffer (pH 8.5) containing 0.001 M CaCl2, and stored at -20°C until further collagenase assays could be performed.
All collagenase assays were performed by two methods: the Mandl assay, which measures the amount of leucine equivalents per milligram of protein released from native Achilles tendon collagen after 18 h of incubation (8), and a modification developed by Merkel and Dreisbach, which measures the amount of leucine equivalents per milligram of protein released from soluble calfskin collagen after 1 h of incubation (9) .
It was originally thought that collagenase activity would have to be induced (5) in V. vulnificus by the addition of collagen to the medium, but results indicated that the organism may be constitutive for the enzyme(s) since collagenolytic activity was produced in unsupplemented hydrolyzed casein medium (HD2%SW). Higher activity was found when this medium was supplemented with collagen (HDC2%SW), and the highest activity was found in peptone-supplemented medium (HDP2%SW). This may be partly related to the amount of growth of the organism in different media since turbidimetric monitoring at 600 nm indicated the best growth in HDP2%SW and the least growth in HD2%SW ( Table 1 ). The organism grew poorly in HD2%SW supplemented with 2% gelatin. All collagenolytic activity was suppressed by millimolar EDTA but not affected by the presence of 1% fetal calf serum in the assay buffer.
Collagen is a protein which constitutes 30% of the protein content in mammals. It is found in a large variety of tissues, including skin, cartilage, blood vessels, muscle, and liver (7). V. vulnificus produces two disease states, a rapidly progressive cellulitis from wound infection and a progressive bacteremia which in some cases produces secondary lesions, allowing the organism to infiltrate the dermis and, in one extreme example, the cerebrospinal fluid (2). Production (8) . The assays rely on the release of ninhydrin-positive peptides. Therefore, total activity is a measure of not only scission by collagenase but also endolytic cleavage of fragments after the collagen is initially degraded (10) . d Merkel and Dreisbach modification of the Mandl procedure, using acid-solubiized calfskin collagen as the substrate (9) . A unit is defined as the amount of enzyme that releases 1 ,umol of leucine equivalents per mg of protein after 1 h of incubation at 37°C (9) . The assays rely on the ninhydrin method of Rosen (10) to measure the release of soluble peptides. The presence of endopeptidase which degrades fragments already cleaved by collagenolytic action will contribute to the total activity. ' Protein was measured by the method of Bradford, using bovine serum albumin as the standard (4) . of collagenase in vivo could contribute to the invasive property described in these cases.
